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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a large magnetic resistance 
drop by making a magnetic thin film head have a magnetic 
resistance element part between an upper shield part and a 
lower shield part and allowing the magnetic resistance 
element part to be joined to the upper and lower shield 
parts by conductor layers. 

SOLUTION: The MR element part 5 in a shield gap 7 is 
sandwiched between an upper shield part 3 and a lower 
shield part 6 by interposing conductor through layers 10a, 
10b. The upper and lower shield parts 3, 6 function also as 
lead parts for supplying a sense current to the MR element 
part 5. In the part of the upper and lower shield parts 
where the MR element part 5 in the shield gap 7 of magnetic 
material having electrical conductivity is not arranged, an 
insulating layer 8 is formed. Then, in a thin f i lm magnet ic 35 <7- 
head 100, the sense current is made to flow in a direction 
perpendicular to the film surface of the thin film shaped 
MR element part 5. 
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1 

* K. 10 
K. 

[»**4 3 iitfE#lf*36«i*«ttR&*U 

gftCiJ LTV>Stt**2 £;fc«3 CK«©?PKH4$ai 
Ko 

©^rn*»cE«©?sii£i8£[^i' k« 

[sf#Jg6 3 ffirE#«ttRfcfTE««BteRi:©*® 

k, S^iKttlgi:fJE®CJ»ttKfcffl^®i:©^*< k *> 
— ^©I^®C, Co£±/£#kT 5^20. l~lnm©#[S& 
1±)g!g:Se>C*-rSs**^5trEtt©»KffiSt^y K. 
[ff#^73 HuESS^jfiftJg^Sflli, ltrffi*JMIJS*r 
^&*-rslt*^5 * fctt6CEtt©SRfl8SR^5' K. 

ttiti:, tt»l«ttKfctt*«ttKi:©MK:»JsaEanfc 

^2 4»6 4©V>-rn*MzEtt©»Kfi*^^f Ko 
[»*B103 «rE*»«ifitt, flTE#«ttlRi:WE 
»l»ttBlt©*ffii:, tt#«ttRfc«rE*WttK4:© 

ao. i~ini©ffffi«ttHftse>c*rait**9KE« 

©»Mffi§H^v Ko 

[tt&& 1 1 3 uirEflMti«si*-?-»tt* m^&mmm. 

%***-r6»*fll9*fc«*l OCCItCDiKtft^y 

K. 

[»*3B123 1lrE»««tt**»tt» fflE**©* 
JB«^©rtf£S 1 1 »-Ett 
©»K««^v K„ 

[ff«913] fflrE*«ttKtt» »l*«ttRt, * 

2 ^ttttK t , tssg i &n k ttr 2 #b&k t c 50 



K^2#{8ffi&tt, J?£0. l~lnon?*^T, jg® 1 
ttBtk* 2 *«ttKk &»J*3iT.TVNS 

S*f 5 4>5> 1 2©v>-rn^cE©©^RJ»^^f k„ 

[«M14] «rE*MttK». NixCoyFezfc^jafl- 
kL, f^&/£tfcTXtt0.6~0.9, Y«0~0.4, Z(iO~0. 

37?*>?>if*]i4*>p> i 3 <D^-rnA^zmnconmM% 

^ v Ko 

Ht#»15l KfE*«ttK»» Hix-CoyFez'&^J* 
#U Jg : H&fi!ci±T?X , «0~0.4, Y'«0. 2-0.95, Z'BO 

Ko 

cimi6] WEtt«tt««. #*K*ma»e># 
ric*nTv>*it*«4^e> i 3©VN-rn^cE«©»K 

«St^y Ko 

[»*S1 7] HffE^OIttK»« Cu, AgStfAu©^ 

■rn*»*»5>^sn-cv>sis*:3fi5^e> 1 2©i>i*n*» 

CE*)t©?*RlK£t'' > >v Ko 

[» i 8 ] mmm 1 2 *»ttmt**cu*» & 
#rit«sn-c*j9, ^2^«ttR^Ag*^^fiSan-cvNS 

|f*^l 3CE«©»KJ»»^f Ko 

1 9 ] mmmm^tim^n^h s»* 

JH5*»e> 1 2©V^n*»CE«©??KE®^^5' Ko 
K„ 

[»**2 13 KTEflHtMttRtt. Sfiictti: LTCofc 

*M4a»e>?EMe s nr v> sif^s 5 *>e> 8 ©vn-t 

[ffi 2 2 3 lirE«Kttt£K©a&ttft: k taftSHt 
t. © j±* s o. 7m±-efe sat 5 a* e> 8 © ^ma* us 

[Iff*S2 33 iIIH&JB£&B*ttlK«, NiMn, IrMn, 
Sa f PtMn©V^-ri^*>A>P>^JES^nTV^•5lf*:^9^e> 1 
2©v^-fia^CE«©^RK^^ > y K. 

[ft*^2 43 1tTE^IB«|jfi». -*r©S8ttMk»- 

»-st©«ttR», R!fi*tts^lfcls*■u■rv^«-s^©fc 

Ko 

[Sf*E2 53 frEBamastff^tt, itfE^Jiflia 

*«f8c*-r«3S*«2 4tE«©S?KJ»$St^y Ko 
[|f*JS2 63 «rE#J»ttKtt, Cu, AgatfAu©^r 
i^*»A»e>J^^Jf^cSl^TV^aSf*^2 4Jfctt2 5 tE®© 
Ko 

[000 13 

[^w©js-rsstri»^3 *^^«KMffistja^5g^- 
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[0 0 0 2] 

Fa^^^^ttTV^o &5fccz>MR-3f^-a5£:#ir s 

iiin^ * K<3!)gB»w®ias:ia6t33s-ro 

[0 0 0 33 «*0>SR««^ v P 2 0 0 tt. v 
KfilSl 8 0 v FS$ 1 9 0 fcfe*LTV»£ 0 |B» 

F 1 8 012, K=»T 1 2 St/ 1 

3 4:, *»ttlft»aS^e>4:4IE»**y^l 4h^tt 

#Kl**>;h.T^£o IE«^y KSS 1 8 0&, 1 
1 rt«Mt:i:CJ:o^tOT^A 7 Knr l 

2&r/i 3tr^^tx. ie»** vf\ 4fr%<DminM 

RlzJ: 0«SEf*:^©ia®«:S-5o CKDSEfi^* K8B1 8 0 

[0004] — s\ y Fas i 9 o \t. m&m & 9 

J5S*-hSIS->-;i' K 1 3 aiEEfi^y K37 13i:je 
ffl) ^T^5v-;v F i 6 :n5)©Hov'-;i/K4 f + 
v-f\ 7*\z1&mmi 8t:J:9±«S/-^Kl 3 £T35 
v'-^F 1 6^^j^j^:$nTi£g$nTV>>5MR^^-a5 

«>C!>V- F3U 9**, WRttOMRS^Sfll 5<£>®rt<Z> 

^SSl 5<DttW^te. A-^xoj (tfiJAtf, Nio.sF 
eo.2) ^l^nt^^o :©B4^v KSB 1 9 (Hi, 

[0 0 0 5] 

OiPiofco y-^F^>7^ (gl6+ , 6Dd S g) 

i 8 ^mrs^fsb i 5©jps*»<"rsc:i:A«B*an 

<5o »*«jt^tt, S/-;U y^fittjtelOOnmJ^Ti: 
ft^fc^JBSJx, Ml 8G>R**tt50nmJATfc-r* 
^4i:^o U^L&^e>, K»#»50nmJ^T"C, fi 

[0 0 0 6] ±IBRJg*»ftr*fc«>KftS 

K&SMHrf i:i:ab5o 
[0 0 0 7] 



(3) ^9-2 8 8 8 0 7 

[o o o 8] frffiastjsstx^sstt. E^ascffistabs 

[0 0 0 9] fjfS#/f«Sti»;^tt^^WL, MK« 

[ooio] ffre#»«a», ®«fi8ttR£. rom^r 

[0011] Krffi*«ttKfc«riE«K»ttKfccD*B 
[0 0 12] mjfe^H^jg^. ^JgM&i&ftR*:, tt^ 

[0013] mm&mmikte. mmm&mtmmmi 

1 - 1 nmo) & $ t: % L T h <t V^ 0 

[0014] wiEa^ffifci^aste, iuie#/i«i£^m 

[0 0 1 53 «rE*«ttKtt, SUflMh, #2# 
SSttRi:, tt»l*»ttR4:*2*»ttKi:t«»Six 
te»3*«ttlRi:ft*U, ^2»ttlii, *S0.1 
^ -lnmTfe^T, tk«-l^tt{£R4:S2#at£R&:»A 

[0 0 16] fre«tttaR». Ni X Co Y Fez^^J5g^4: 
L. JB J f-3fiJ5Elt"eXtt0.6-0.9, YtiO— 0.4, 
^feoT^ci:V^ 0 Sfc, WIBKlttttRa, Nix'CoY'Fez- 
fe*ric»L, B^f-fifilctkTfX'ttO-O.^ Y'fiO. 2-0.9 
5, Z'tiO-O.STfe-^T^ctV^o 

[0017] m^m\±m\t. **jt*t»*»6»j*sn 

[0 0 18] tte^ttttRli, Cu, AgSU ^ AuCDV^■rn^ 
5^ ^?>^$nTV>^3 4:#»£ LV>o 
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[0019] rntrn i &xjm2im&mtfcufrt>&f&£ 
[0 0 2 0] «re#«ttR* t »fc*»R"c* 

[0 0 2 1 3 li(rlE«ffc*»IRli, BKbT^S j&*e> 
CO 0 2 23 l«jfS^SMf±^fi> 3EJES#fc LTCo&#* 
CO 0 2 33 KrffiaK«ttlK«)aa«fti:fla»«<bi:© 
CO 0 2 43 WIE:feJR£a«ttl«li* NiMiu IrMiu Rtf 

co o 2 53 ffliia#»»iitt. -Kiom^.m^-Mo 
Co o 2 63 urEKaJSftfc'Wi. ffiria^Ji^i^^ls 

CO 0 2 73 fflffi^MBttlKli, Ciu AgXtfAuOV^na* 

CO 0 2 83 KIT, fEfflcov^ittW-TSo 
CO 0 2 93 **^©SP«t«»^y Ktt. MRX^-ffii: 
±815 v"-^ Fa^TS?^-^ F&»#JB£ J: OJSttLT 

i:lt^Mt§o WfWIfift20nme£&SlM**ftJA 

CO 0 3 03 ^?>t'> MRS^FSKE*aftffi#L»* 
(GMR) ftiS-r^WflHe (AXft^lR) */HV^i:, 

(« A J. App 1 . Phys. 75 ( 1 0) . 1 5, May ( 1 994) pp. 6709-67 1 
3) , cfc0**«cW^ffi*^#^n* o 
CO 0 3 1 3 

C^^^^ffiCD^ffi] *«Wfr J:5»R»»-n^ Kl O 
0©8fl5>B?T®B!£lg! 1 ^^"To SRia^y F 1 0 0 
W\ lES^* F8P2 0 t.W^y F8B3 0 4:"§:*LT^ 
&o S2»^vF2 0«\ ittft^E)«i:S±S^y K^T 

^7y4^tt4o Sfc. fas** * yM^/si- 
KJ:oT«-f F3 7 2&U r T9S^y K 
37 3i:MLT, IE®** -^4^P»©lHlffl: cfc 

^fiOSBS^yKfcl^linTV^5 0 !E»^*FSB2 0 



(4) W9-2 8 8 8 0 7 
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i!ra<3!)Bi6{33SLfc«e*©feiRMa^y K2 

0 0<Z)6l^i:[«I^'^fe^o 

[0 0 3 23 SF£^* K8P3 0ti\ ^ttMct 9/££±8I5 
^/-;UK3 (IE«^y K8S 2 0OTS^7 K37 3£3fc 

yy^^Efi^nTv^^MR^^-ass^^LT^^o - 

FSB 3 0O»JSt^«£*©*!Saa^y Kfc* 

[0 03 33 K¥+ y -?1 ft<7)M R^-f^P 5 te, 

70 1 0 aStf 1 0 b *^LT, ±S'>-^ K 3 fcT 

i:T«'>-^K6li, M R St^as 5 tz-fey^ 
■TSfctoOU- Fffli: UTt«8E"rSo ±«5XOHF'S8$' 
KfflttMttitts^Iitt^ (fclAtf. Fe-S 

dcsn-cv^So *aw*3*3tts»K!»«^y f i o ot 

20 [0 0 3 43 ffi*©SRiS^7 F2 0 0 KfcV^T. M 
Rft^SPl fftftKl 8 4^U±9*>-^K 1 3 

fcTBBS'-^ f i 6 i:op B ^^rs^^^snTv^fc(^>^r*f 

*Mt:«J:SW^7F10 0T1^ MR*f«5 

#1*J11 0 aMl 0 b*4M.T±«BS/-;uF3 
T95i/-;u F6 fcoHirSSfifSnTV^o #&/f&#£*i 

efi*SV>tt-tnWLT©Kff*D#f*:JB 1 0 aMl 0 b 

[0 0 3 53 Sfc* fiesecDMRIt^SSCDMttftWWi: L 

fc, MISt^7 FfcLT+#K«teLftl^ 
»R««^y K®MR*f»5fcLttt, g*««J6St 
(GMR) *5R-r#»«fi (Alffifro Srffl^S 
rttfffSlW GMR«r*-rs*Jl*iS*i. -fey^m 

[0 0 3 63 MR^ib^ (%) = (R -R 
ttk'hffi) ) /R x 1 0 0 

*»M©»iK««i^y F^^faefflv^?>ns*JB 

iSSrStftMRffSOflftaTCRiHti. 
[0 0 3 73 m2 (a) CiRUfcMR*^* (^^^ 
«) 5 0ti. g!Kffift^5 1 i:KKttJK5 3 SKSS 
ttl^5 1 hiRKfflgtS 3 fc©IWC««pSnfc*«ttK(5 
5^ 2i:^^^■ev^So *ittR5 2li, ^«S6ttJK5 1 t 
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#6l#WK»ttR5 1 ©«<b*«tt#ftfcft* 

eueu s^s&ttRs i ©a^bttiue-iir-r. ft«ts=R5 

3 0lK<b©*ln]t®HffiEttR5 1 <7>«E<bco^Tfilt:^*:-r 

[0 0 3 8] 100 0eW±fiD«»»«:*r 

£$:ftR£: r^fittU *:VH\ 20 0e&T®««2> 

®S«M5 1 o«fttilllfi$n3Q:V>^ ©;^ttR5 3 

m&m5 i (DMitwjifatmMVkms 3©«Kta>#iRi*: 

ft t ®;&ttR 5 3 ©»KfcCD J5fa n tfKTtx ttezzmz 
f&ttR5 1 /IfKttl 5 2 / 5 3 

Jp^n^i:. SSittlS lct)»^fc©*|fi|fc:*i8ttlK5 

3c9SHt^fthte¥fT£:&6o ±iELfc» 

«ft«ftj& s <s«sn*©^ MR^3 5 0(7)i^fiji: 

Si&$<bS-li-So ±$*LfcJ:-5K, M RX^ffi 5 0 tz^ 
[0 0 4 0] &*3, ^SirJElST, ±JSLfc*JI*iS£ 

trrsMRjR^-ass o izjh 7xmit*ftimTz>tzisb<D 

/U 7^»#fflCD##«S:-tC!)MR*^S(0iS«K:IB:lt 
Tfc<fcl^U -t'CDMRSe^fiiSS 0®iVM< i: tttfiHt 
ttR5 3£*ttEffc-rsfctf>K. -tOMRSTFasS 0 © 

[0 0 4 1 ] 02 (b) ^RWCffSfc/av^iifc 



(5) SHT9-28 88 0 7 
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MRS^Fffl©ftfe©«ja**-fo 0 2 (b) CSShSM 
. RSTFSBSO' (4. 02 (a) t3^$n^[5gS^ttK 
5 l/#MttR5 2/RKttI5 3]CD«HB«r*«ttR 
5 2«r^tT«*lHlWJBLfc«aSr*-ra. i®J:^*c 
»JI*S», KWttlS l/*«ttR5 2/»Itt 
K5 3/#8JttR5 2]N <Ntt»0iBUfc) fc**>S*l 

[0 04 2] B3 (a) 0 2 (a) K^n^y 

1 fc#tttf=R5 2 fc©#m£«ttR5 3* (JUT, #E 
&ttRhnf-£) *Jf ALfcMRX^SBS O^To & 
*3, MiM5 3' Mt, #»ttR5 2fcftMfl=R5 3 

»±. MffiM5 3' **-r-6S8ttR©«*4*tt*»*c 
^&V^tt£*LT^ntf£l> 0 -Tfttot,, #M»t£R 
20 5 3' **BKBM£R5 1 i:*ittR5 2fc0Hi:*AS 
n5«*t:i4, MittR5 3' fcM»ttR5ll:*« 
^*fcUT«K«ttRi:UT«tB"rntfJ:<, Slltt 
153' tffittK5 3 t*«ttR5 2 fcOlffltWAS 
ftSJi'&KW:, 3' i:RIttR5 3i:^ 

[0 04 3] 03 (b) H2 (b) K^Six 

£;KJ1* -f ^©MRX^ffiS 0* K*5l>T, SiWfi&ftR 
5 1 4:*«ttR5 2©*Mt:i»ttR5 3' tjfALfcM 
R^-?a56 0' £r^lTo El 3 (b) «lK^ttR5 

^ ®flftl5 1 ®JtaT©*fc#S»ttR5 3' *r» 
»fc*J*4:LTfc.J:V\, 0 3 (b) H^SHSMRtf- 
356 0* 03 (a) ^^H^MRm^e 0 trtb 
«LT, «t0**«:MRSC^fc**r»-r. 
[0 04 4] 02 (b) *5J:t/03 (b) tr^^n^J: 

dtt*»ig«w^^^®MR* : 3 c -»s:fleffl-rs»'&t 

*»ttR5 2fc*»ttR5 3fc#B»ttR5 3 1 O^n 

40 #JlCDRJP»i6nmJUT"e**r LVn 0 3= 

/c. MRa{k*tt«^5F*©»JBI3»i:i:*>Ci8ap'rs 

[0 0 4 5] *^w^rfflv^^n^MR^^•a5(D^tfe0SS5^ 

^tt, K3S»ttRSr3pJfflLfc*«f*a©fllS:3S'r B 
[0 0 4 6] 0 4 ^L/cMR^-7-35 (#JB«iS) 7 0 
», ^JlR5ffi^ttR54, ittR5 1' #1M5 2, 
^®eattR5 3' k*lttR5 3i:*:©R(fi:*IIL 

5^ JgR®fflEtt*R5 4(4. 0 2^O r 0 3t3^L^MR|g^ 
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3 4:C!)IW»3»«rSnfc*«ttK5 2tt, «ttR5 r i: 

51* fcflDHtw^JffiUTtjav^L, ^®1M5 3* & 
^ltti5 2oMfllt:MLTtd;V> 0 ^®KfflH5 
3' (Z>J¥*tt»0.1-~l&2nnu <fc Oli L< tifaO. 5-H» 

(2 7C*©*'&aCo^50IH : ?-%«:S!fxS, 37n&CD^§r£r 
te33. 3Jg^°/o^?)) W4fefflV^^i:^L 

[0 0 4 7] :0MRf^7Ot:^V>T^, S^Mft 

ts 0 mr*^ss7 oi*. ittssr 

V\, 

[0 04 8] Sfc, y-^K^^^/St^^O^fe^) 
*§1^ (i. H4 (b) tr^-TJ:-5tr, 04 (a) <Dm& 
*tt&*IttR5 2* £^LT«»II]ai/ILfcMR* J ? L 

[0 0 4 9] ±»LfcMRX^SBfc*5lN-t\ 

[0 0 5 0] 3=fc. K^ttJK^^i: LTti, NixCoyFe 

z&±/*#fcu B^ffl/ait^xtto.6~~o.9, Yiio-o. 

S#»&M4. S£K, ©;?&fflglOW*4h IT, Nix*Co 
yFez*££/£#U B^fflrieifCX'ttO-O.^ Y'fcO.2 
-0.95. Z , \$0-0.ST&Z^(D*m^ 
MRa*k*&^rMR3H^#»€>n*o <£Kt£ 
ffi? <7> #*4 ^ ^ mm ftB&T £> S Co-Mn-B, Co-Fe-B^ £ flj 
V^fc^KffTttMttfcSU 3&»oGMR»tt*jRr 
MRX^-SBj&^&nfco 

[0 0 5 1 ] #»ttKo!>#»i: Lt, L 

A^!f?iGMR1$i4$:^t©T\ ft? £ Ll^ 0 3=fc, »^ 
SMfcttSK^fc-s h y*;i/GMRR*ffl^t*»ttI 



(6) Wlf 9-28 88 07 
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mit#UR<DtmtiLT\** k\<OMit%) (Al 2 
0 3 ) Sfc, *«ttKli. »fc«li:^JH*: 

[0 0 5 2] ©K^ttJKt Lttt£tf»k LTCo£-§r^ 
*r^l>0 (27C*©»'&«Co**50JS : ? : %%aA*. 3tg 
^0^3 3. 3I^°/o^iA§) 

70 sti^ *w«*-c*i, rftjf&aaittj kteftsitts 

MRfl8*^fttS, *«J*£«0MRffl»<D*fLfcU 
B Hi: ft: -60 &KM&m(DftmitifittoO. 7ULb-e* £ r 

[0 0 5 3] S®^ttJKa)#*4i: LTti, *«tt«r*rr 
Attftfc**, NiMru IrMnSOTt 

[0 0 5 4] MRX^SPcofll/Si: Lttt, -biBU^ftfc 
tw, 05 (a) Rxf (b) KiSTMRX^ffiS 0*>8 
0' *JBl^;:i:j& s -CSSo MRff 8 0ti, Cu, Ag. 
Au»©*«ttK 82^^ ITSSSttS^S'p- L 
©Hi:^^ 8 1 &tf8 1 ' Of &fc>t>, — o 

[0055] wsaittiRat/ttwattKowwfc it 

»S*«»2nnffi«©»'frH, -OCD^tt^8 
T ttS5fi«tt»Jr«^t"«>o -n^^MR*^-SP8 0 
M80* ti. ^t^MR^fW^H^n^ ^©CD, ffi 

[0 0 5 6] 

[0057] (naswi) ***«1-Ctt. ClTOi^ 

CUT, 02 (b) (:^l/:MRff^5 0' £%-r3 

iiia^7 k 1 0 0 cm 1) zftmLtzo s=k 

3ST^^««) -tKFe-Si-Al (JPS :^2^/ 
m) *^^y^»tJSHLT, "FSSi> — ^ K 6 SrJ^fiS 

*r fcti^T, 1 0aSr»j«Lfc. ^frM 1 0 

5^ a ±(3, [Coo. 50Feo. 50(3nm)/Cu(2nm)/Nio. 68Feo. 20C0 



(7) 
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0. i2(13nm)/Cu(2nm)]3^e>3&:§MR* : f : 855 0' (ip 

S : »60nm) ^»t»dcUfco 

0* JPStS720nmfl!)CuS:^y ^teTiScKL. 

^S)St, UTJ|tSftl00ninC!)Si3N4«:S/C^^y 

Fe-Si-Al OPS : ft 2 // m) v *ffi"CJ58BI 

[0058] ^0^, &*r«#«ttf&*K 

ft's* Kl 00£fts»Lfc. *»ttlftlWS4*3J:tf-Ny 

GKMOOnm) Kl OOtS, 

CO 0 5 9] (3liEffiI2) jgJEfll 1 0' 
£04 (a) C^lf;MRf«7 0 IZit^tz&ftlZ, 

»Lfco 

CO 0 6 0] ^SUfiWItzfcWSMR*^? 0(i, [Ir 
0. 20Mno. 8o(10nm)/Coo. soFeo. 50(4nm)/Al203(5nm)/Co 
(0. 8nm)/Nio. 68Feo. 2oCo 0 . 12(10. 2nm)] CD#JI«a£ (J? 
$ : j^?7 Onm) St^T^o ag&Jf 1 0 a at/ 1 0 b t L 
T, JP^*t7 1 5nm©CuK*J5*KLfc. 

fc. 

CO 0 6 1] (Hffi#J3) **Jfift|-rtt. T«5/-;UK 
6c9ffl4h LTNi-Fe-Co£/3V^c;r RC/MRSR^SP 

HSE#J2 IT, Sli6«3©*K»ft^y KftflF 

BLfco 

CO 0 6 2] #|g££#Jtf>MR^a5 7 Ott, [Ir 0 .20Mn 
0. 80 (8nm) /Co (3nm) /A 1 2 O 3 (5nm) /Coo. 90Feo. 1 0 (1 nm) /Co 
MnB(2nm)]^^^SIit (JPS : m 1 9 nm) £*T£o » 
ftjfl Oajyi Ob^LT, #2^2 0 nmOCuK^^ 
KL, Sfei^KhLT, JP£j&6 0nm<Z)Si3N4£J5£$iL 

fc. r<so*IB*iS©»»tt, «:»ttK©#t»fcLT*ft 

Kte^-^K** *y ^SA*«?6 0 nm^^r^l^, ^ 

[0 0 6 3] (HS£#J4) 1 ©MRX^fiBS 0' 

£05 (b) K^L*rMR-3g^F-3$8 0* Kft**:^ 

^f^SJL^o 

[0 0 6 4] *SllS«CfeWSMR* : FS8 0' te, [N 

io. 68C00. 20Feo. I2(3nm)/Cu (2nm)/Coo. 7Feo. 2oNio. io(3 
nm)/Cu(2nin)]6tD*Jf (ffS : *& 6 0 nm) fc^rf 

[0 0 6 5] (tkKffJl) *tktt«l-e«, WTO) J: -5 
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KLT, H6K«Lfc«*6!)WIKa«^y K2 0 0*fr 
SfL/co #^;*2£«-bl3. Fe-Si-Al (J¥£ :^2x/m) 
Sx^s/ ^ife-CJSlcRL. T^^>-;u F 1 6^Ml/; 0 

JfeCKl 8 (T«) *r#/*Lfc. Wl 8 (Tffl) ± 
t", [Coo. 5()Feo. 5o(3nm)/Cu(2nm)/Nio. 68Feo. 20C0 
0. i2(13nm)/Cu(2nm)] *^^§MRM 1 5S:^^v 
?j£TJ5£RL, ^0±^, i?$j^40nniC7)Si3N4*Sie^ 
^^St$6(:MU ISM18 (_h») £^/£L 
70 fc e IfelftBSl 8 J: £ Fe-Si-Al (J? £ : #5 2 # m) 
y^ft"CJ5KKL. ±SB->-;WKl 3«:Jgfi8Lfco 
[0 0 6 6] UT, H£S#J 1 hlHj^tr LT, SSR^M-n 
yK2 0 Oftf^BLfco ffS*&40nm<Z)Si3N4"ettte»A* 
^F+^-CfeO, ittt«l 1 ©SIKMft^y K2 0 0«, M 
R^^-gPl 5^5/-;i/KSISl 3M/*fcti 1 6 fc4)M 

-eu-^feo, ^se^&ftf^&SLfco 

[0 0 6 7] 

[nwcDS&ii] ±aLfcj:-5Jw, tssoiiia^y 

F&, f>-;WK»^MR*^S®PJ0«»Jftj»R*!^S 

dhtfttSo MR*^ffl5KGMR*^?-#]B« 

MR^^a5tr^^R®trSH^fR]^m^ 

So 

[02] *»Wt«t4»«^y KCfflV>e)n^MRff 
»©»fBH-e**. (a) tiS*®^-C, (b) 
(a) ©*J«*a[ttig«JILfc*jfll-C*fto 
[B3] **MCJ:S8a«^y Ktl^V^^tl^flfecDMR 

^•T-as^KSH-efeSo (a) tis*^j5S-c, (b) » 

(a) ©«i56*:a[»Ill»WLfc#J«-e*« 0 
[04] *SSWt«ts««^y K^rMv^^nsffeOMR 
x^aowfffiH-e**. (a) tt*#«j«-e. (b) »± 

(a) ©*j«Sr«[*Iil«»Lte«rtT?**o 
[05] *S!9t:«J:5l«^y KCfflV^^n-SffiCDMR 
^^a5^K®0-CfeSo (a) ti^*#Sfig-e. (b) 
^ (a) ©«J«*«ftlll»]iLfc*J5Jl-T?&-6o 

[06] «£*©»IR»«-Ny K©«»»TffiiaT?*S. 

[i¥t©Hl«] 

1,11 

3, 13 K3 73i (±SP'>-;VKi:M) 

4,14 fS&** y ^ffl 
5, 1 5 MRfg^-aS 

6.16 T«->-/U K« 

7.17 i/-;UK*** y ^ 
5^ 8,18 %|KK 



(9) 
CH6] 



2 8 8 8 0 7 




(72) HE* 11 HJ§ 

*EJffPWrU**rWl008#i6 «T*» 



